The rough fescue grasslands are important for livestock grazing as welI as other values such as wildlife habitat, recreational opportunities, and watershed properties. The impact of livestock on these grassbuds must be better understood in order to manage graziug for optimal use of the resource. A study was conductcd from 1992 to 1994 on the rough fescue grassland near Stavely, Alberta, to determine forage selection by cattle in the winter and summer and the effect of canola supplementation on forage selection. Twelve 1.7-ha paddocks were stocked with 2 cows (Hereford) at 32 animal-units-months ha-l in winter; canola supplements (0.0,0.4,0.8, and 1.2 kg animal-l day-l) were applied in a randomized complete block design. Three additional 1.7-ha paddocks were simiirly stocked but grazed in the summer witbout canola supplements. Forage availability, utilization, and relative preference were estimated for 4 major plant species. In both winter and summer, rough fescue (Festuca campestris Rydb.) was utilized most (P < 0.05) and Idaho fescue (Festuca idahoensis Elmer) and smooth aster (Aster laevti L.) were utilized the least. Of total forage utilized, rough fescue and Parry oat grass (Danthonia panyi Scribn.) contributed about 90 and 9 % , respectively, in winter and about 62 and 32 % , respectively, iu summer. In summer, Parry oat grass was utilized in proportion to its availability. Rough fescue was the preferred species in both winter and summer. Percent forage utilization in winter was not affected by supplementation with canola. The high preference for rough fescue appeared to be determined by the accessibility of the large tufted plants to cattle. Tbis was particularly evident in winter when access to plants was impaired by snow cover. Successful winter grazing on these grasslands is enhanced with a large proportion of rough fescue plants in the stand.
Therefore, winter grazing by livestock could be practiced both to protect the grasslands and reduce the cost of winter feeding.
The value of grasslands for winter grazing is dependent on forage availability and quality. In winter, the crude protein content and digestibility of forage are similar among species on the rough fescue grasslands . Chemical differences among herbage species are smaller after senescence than during the growing season suggesting that palatability among species might be more similar in winter than summer. Consequently, forage selection by herbivores in winter will be determined primarily by species availability in a strategy to maximize feed intake (Westoby 1974) .
The effect of grazing on the plant community may be altered by supplying supplements to cattle. Supplementation with crude protein is a recommended practice for cattle on winter range (DelCurto et al. 1990 ) that may also lessen their forage selectivity by reducing malaise imposed by nutrient-deficient diets (Provenza 1995) .
The rough fescue grasslands are important for livestock grazing as well as other values such as wildlife habitat, recreational opportunities, and watershed properties. The impact of livestock on these grasslands must be better understood in order to manage grazing for optimal use of the resource. Therefore, a study was conducted to determine forage selection by cattle grazing rough fescue grassland in the winter and summer and to evaluate the effect of supplementation with canola meal on forage selection in winter.
Methods
The study was situated on rough fescue grasslands at the Agriculture and Agri-Food Canada Range Research Substation west of Stavely, Alberta (50"12'N, 113"54'W) . Fifteen paddocks (1.7 ha each) were constructed on grassland that had been infrequently grazed during the previous 50 years and had received only light grazing pressure in any year. Rough fescue was the dominant species and the grassland was in excellent condition (Wroe et al. 1988 ).
Grazing Animals
A crude protein supplement, based on canola meal with minerals to achieve a level of about 32% CP dry matter basis, was randomly allocated to 4 treatments (0, 0.4, 0.8, and 1.2 kg day-t per animal) among 12 paddocks (1.7 ha each) in a randomized complete block design with 3 replications. Two pregnant Hereford cows were assigned to each paddock for a Z-month period from 1 December to 31 January in each of 3 consecutive years. In a sec-of grass, by species, before and after grazing. The contribution of ond experiment, 3 other paddocks were stocked with 2 Hereford smooth aster was determined from total plant numbers and an cow-calf pairs in summer, between late June and early average plant weight determined from 10 randomly selected September, for a 2-month period to compare with forage selec-plants at tbe site. Dry matter disappearance was estimated for tion in winter. The stocking rate averaged 3.3 AUM ha-1 and var-each species as the difference in weight before and after grazing. ied from 3.2 to 3.4 AUM ha-* among years depending on cow Indices of forage preferences were calculated from dry matter weight. The cows were from the same herd each year and reran-disappearance from each species as a proportion of the amount of domized among treatments.
that species on the range (Kreuger 1972) . During winter grazing, the cows used snow for their water supply and water was delivered to a trough when snow was unavailable. A wind barrier (5 m wide X 2 m high) was constructed from spaced boards in each paddock to provide protection for the animals and to capture snow.
Feeding Survey in Relation to Snow Cover Six surveys were made of feeding behaviour in the winter of 1992/93 when snow cover was persistent and deep. At each survey, a single transect was defined across tbe width of each paddock. Seven observation points were established at predetermined intervals where estimates were made of snow depth, snow cover, species utilized, and proportion of grazed area. Snow depth was estimated as the average of 5 measurements. All other estimates were made visually within about a 10-m radius.
Forage Selection
Forage standing crop was determined with both a clipping and a non-destructive technique. Eight randomly distributed plots (0.5 m2) were clipped before grazing in each paddock to determine standing crop as an estimate of available forage; different plots were clipped each year. Dry matter disappearance was determined using repeated measurements of individual plants of selected species before and after grazing. Tbe species surveyed were rough fescue (Festuca campestris Rydb.), Idaho fescue (Festuca idahoensis Elmer), Parry oat grass (Danthonia parryi Scribn.) and smooth aster (Aster laevis L.) which formed the major components of the standing crop. Two 4 X 4 m grids were located in each paddock. From each grid, two l-m2 plots were randomly selected and the plants within each were mapped, numbered by species, and measured for basal area and height. Basal area and height of each grass plant, and the height of each smooth aster plant, were measured before grazing and again after grazing. In the final sample, the proportion of grazed plant area was estimated visually and the height of grazed stubble was measured. This technique could be applied to rough fescue in summer because it achieves maximum standing crop by mid-June (Stout et al. 1981 ) and will not regrow readily. Eighty-five percent or more of peak standing crop on the rough fescue community is attained by mid-June .
Plant biomass was estimated according to Willms et al. (1980) . This technique required calculating 2 regression equations describing the relationships of (1) plant weight to plant volume and (2) the distribution of biomass to plant height. A sample of 5 plants species-l paddock-l year1 was obtained at tbe beginning of each grazing period from the winter and summer grazed paddocks for a total of 60 and 15 plants, respectively, that encompassed a wide range of plant sizes. Their basal areas and heights were measured and their cylindrical volumes calculated. Oven dry weights were determined, regression analyses (simple and quadratic polynomials) calculated, and the best equation expressing the relationship between plant weight and volume was selected based on tbe significance of an improved R2 and visually from a scatter plot. The relationship between the distribution of plant weight and height was estimated from 2 plants harvested from each species in each paddock. The plants were cut into 5 segments of equal length (20% of total plant height), oven dried, and weighed. The proportion of total plant weight was calculated for each segment and regression equations (simple, quadratic, and cubic polynomials) of proportion weight on proportion height were calculated. New equations were calculated in each year of tbe study. These equations were used to determine standing crop
Data Analyses
Standing crop and percent utilization were assessed among tbe winter-grazed paddocks using analysis of variance for a split plot design in space and time (Steel and Torrie 1980) . Supplementation treatment (main effect) was evaluated with tbe replicate X supplementation treatment interaction; species and its interaction with supplementation treatment were evaluated as the secondary effects with the species X supplementation X replication interaction while year and its interactions with supplementation treatment and species were evaluated as the tertiary effects with the residual. Season of grazing (summer vs winter with no canola supplementation) was tested in a completely random design for tbe effects of grazing season, species, years, and their interactions. Although the summer grazed paddocks were not randomly distributed with the winter-grazed paddocks, they were contiguous to them and the analysis was made with the assumption that tbe contribution of site to experimental error was random. Indices of relative preference were statistically analysed for each test as above but only for species and its interaction with supplementation treatment or season, depending on the analyses, and year. Analysing any other main effects, or interactions of main effects without species, was meaningless and their contribution was pooled in the error term. Paired means were compared with a protected (P< 0.05) L.S.D. (Steel and Torrie 1980) . Utilization of individual rough fescue and Parry oat grass plants were examined for the winter (no canola supplements) and summer grazed paddocks by categorizing them according to 5 levels of use: 1 = 0%, 2 = >O to 25%, 3 = >25 to 50%, 4 = >50 to 75%, and 5 = >75%. Comparisons between winter and summer grazing effects on the frequency distributions in each class were made for each year and for years combined, for both rough fescue and Parry oat grass, using a Chi-square test.
Results
Snow accumulation was the greatest in 1992/93 and the least in 1994195 (Table 1) . Winter temperatures during the trial were also lowest in the first year. 
Forage Selection
On the winter-grazed paddocks, rough fescue and Parry oat grass contributed about 68 and 25%, respectively, to available standing crop (Table 2 ). There was significantly (P < 0.05) less rough fescue standing crop in the paddocks of the 1.2 kg day-l canola meal supplementation treatment than in the other treatments of the winter-grazed paddocks (Table 2 ). Standing crop of total biomass was similar among the winter-grazed treatments and between the winter (no supplementation) and summer-grazed treatments (Table 2) . Standing crop varied among years (P c 0.05) and over the study period was estimated to be 2, 444, 3,409, and 3,044 kg ha-1 in 1992, 1993, and 1994, respectively. Percent forage utilization was not affected by supplementation on the winter grazed paddocks (P > 0.05). Percent utilization was greater in the summer-grazed paddocks (49%) than in the wintergrazed paddocks without supplementation (29%). In both winter and summer, the proportion of use on rough fescue was the greatest (P < 0.05) while the proportion of use on Idaho fescue and smooth aster was the least (Table 3) . Of total forage utilized, rough fescue and Parry oat grass contributed about 90 and 9% (Tables 2 and 3) , respectively, in winter and about 62 and 32%, respectively, in summer.
In winter, the index of relative preference was greatest (P < 0.05) for rough fescue and tended to be similar (P > 0.05) among Parry oat grass, Idaho fescue, and smooth aster (Table 4) . However, the preference for Parry oat grass increased (P < 0.05) from 1992 to 1994 while those of rough fescue tended to decrease (P > 0.05). Indices of relative preference between winter and summer were similar (P > 0.05) for rough fescue but increased in the summer (P c 0.05) for Parry oat grass and Idaho fescue (Table 4) . The percent frequency of utilization classes for rough fescue plants tended to be bimodal (Table 5 ). In winter, the peak frequencies occurred at 0% and between 25 to 75% utilization while in summer they occurred at 0% and greater than 50% utilization. Most Parry oat grass plants were ungrazed in winter, but their utilization followed a similar bimodal frequency distribution as rough fescue in summer.
Feeding Survey in Relation to Snow Cover
On the plots where grazing was observed, rough fescue was the most frequently utilized species at any survey date in the first winter and when from 40 to 92% of the plots showed evidence of grazing (Table 6 ). Observed grazing was influenced by grazing rate and snow cover. Wheatgrass (Agropyron spp.), timothy (Phleum pratense L.), smooth or northern awnless brome (Bromus inermis L.eyss.; B. pumpellianus Scribn.), and bluegrass (Pea spp) plants were represented mostly by inflorescences that over-estimated their contribution to available forage. Grazing heights became shorter as the trial progressed and snow cover persisted while the proportion of grazed plants increased (Table  6) . Variation among surveys, in the estimate of grazed plants, was influenced by the ability of the observer to detect grazing and by Summer/Winter 0% day-9 plant exposure that varied with new precipitation and redistribution of snow by wind. Cows were so observed to crater through snow for rough fescue plants. These plants were often heavily grazed, apparently to prehend fall regrowth near the crown or forbs (mostly Geum triflorum Pursh.) around the plant base.
Discussion
Cattle seemed to select plants that had the greatest available biomass, regardless of the level of supplementation with canola meal up to 1.2 kg day-l. Rough fescue produced the greatest standing crop biomass and was the most highly preferred forage species in both winter and summer. Preferences for the shorter grass species, Parry oat grass and Idaho fescue, decreased from summer to winter presumably in response to reduced accessibility with snow cover. Supplementing cattle with canola meal had no effect on their forage selection as measured by indices of relative preference.
The presence of snow affected preferences for forage species by altering their accessibility to cattle and shifting the grazing pressure towards rough fescue. Snow formed a dome over rough fescue plants that cattle targeted for cratering. Also, wind redistributed the snow, usually exposing the rough fescue plants and accumulating between them, thereby covering plants of other species. This is illustrated with increasing preferences for Parry oat grass and Idaho fescue from 1992 to 1994 (Table 4) as snow IWithin species, frequency distribution between seasons was significantly different (P > 0.01) using the chi-square test.
*Total number of plants represented in each data set.
conditions became less severe (Table 1) and from winter to summer as accessibility became strictly a function of standing crop. The high preference for rough fescue in summer was unexpected. In a previous study, ungrazed forage patches dominated by rough fescue seemed to indicate an avoidance in summer and suggested the possibility of developing a grazing system based on seasonal selection differences. Results from the present study, however, indicate that patch avoidance was not the result of the presence of rough fescue plants but rather the result of accumulated litter Forage preference is at least partly a function of the kind of animal (Heady 1964 ) and differences in their selectivity and ability to prehend forage. Grazing efficiency would be maximized by the generalist herbivore by selecting the larger rough fescue plants either in winter or summer. This grazing strategy, and the nutritive similarity among species, would also negate the effects of CP supplements on species selection in winter Reduced forage digestibilities from summer to winter resulted in reduced intake and subsequently reduced grazing pressure at similar stocking rates. Heavier grazing pressure in summer (49%) compared with winter (29%) increased the proportion of plants that were heavily grazed and reduced the number that were lightly grazed (Table 5 ) and resulted in different patterns of use among rough fescue plants and among Parry oat grass plants.
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OF RANGE MANAGEMENT 51(5), Septembernomenon was observed in the first winter when feeding surveys were made. In summer, this effect is likely produced from regrazing regrowth and avoiding previous1 y ungrazed plants.
Management Implication
The opportunities for winter grazing by livestock are directly related to the proportion of rough fescue in the plant community and, therefore, correspond to the condition of the fescue grasslands. Rough fescue grasslands seem capable of sustained summer grazing at 2.4 animal unit months ha-1 which reduced the proportion of rough fescue to about 20% of the species composition (Willms et al. 1985) . However, the resulting community lost most of its value for winter grazing and, presumably, for large wildlife herbivores such as elk (Cervus canadensis nelsoni Nelsoni) which depend on grass for their winter forage (Mackie 1965 , Beall 1974 . Plants grazzd heavily during the dormant season may also have reduced availability after the next growing season due to shortened leaves (Willms et al. 1986 ). Therefore, it is not only important to maintain rough fescue in the community but also to ensure that a significant proportion of plants escape heavy grazing. While stocking at 2.4 animal-unit-months ha-1 in summer asserts too much grazing pressure, stocking at 3.2 animalunit-months ha-1 seems suitable for winter grazing and appears to offer an opportunity to reduce the cost of winter feeding.
Literature
Cited
